Having developed rapidly in recent years, Konya, one of Turkey's most significant industrial cities, has been hosting production activities in sectors such as glass, chemistry, mining, metal and machine in the factories 96% of which located in the third Organized Industrial Zone. In common environmental agenda, it was suggested that wastewater stemming from increased industrial diversity and some geological lithology can create environmental problems, including groundwater contamination. In this study, to characterize dry and rainy period, samples were collected from 11 wells so as to determine effects of wastes in the area on groundwater quality. The relation between industrialization and contamination was investigated in water samples, whose contents were examined for NH3, NO3, SO4, B, Ca, Cl, Co, Cr, Cu, Fe, K, Li, Mg, Mn, Na, Ni, Sr, V, and Zn. Element distribution maps of locations where concentration rise occurred were determined in the vicinity. It was specified that SO4, Ca, Cl, Na, Cr, Mg, Mn, Ni and Zn in samples exceeded the maximum contaminant levels according to WHO, EPA and EC standards. It was determined that water samples belonging to rainy period were contaminated more than that of dry period, which poses a threat to environment.
Introduction
The contamination problem in groundwater has started to be talked about in many studies due to increasing industrial development in the World (Sponza and Karaoglu, 2002; Gowd and Govil, 2008; KrIshna and Mohan, 2014) . Contamination has a significant vital risk especially for people who use this water for drinking and usage. Negative results that are at a level to affect the health of people are faced due to its effect (Yildiz et al., 2008) . Factory wastes concerned with industrial manufacturing may have potential that may cause contamination (Nalbantcilar and Pinarkara, 2011; Nas, 1998; Arundas, 2010; Shankar et al., 2008; Ullah et al., 2009; Azizullah et al., 2011) . The fact that industrial zones cause water contamination in has been demonstrated in many samples. Moreover, numerous studies have reported water contamination originating from industrial zones (Sponza and Karaoglu, 2002; Gowd and Govil, 2008; Krishna and Mohan, 2014; Shankar et al., 2008; Ullah et al., 2009; Azizullah et al., 2011; Krishna et al., 2009; Dasaram et al., 2011; Afzal et al., 2014) .
This study was performed in the third Organized Industrial Zone (OIZ), where 168 industrial plants are located approximately 20 km northwest of the city centre of Konya, which is situated in the central part of Turkey (Figure 1 ). Since a variety of industrial productions such as metallurgy, mining, food, and electronics, among many others have been conducted in the OIZ, it has been asked whether all kinds of IMPACT OF INDUSTRY ON GROUND WATER CONTAMINATION 797 materials from products to the waste emerging in their productions processes contaminate the groundwater in the vicinity. This study thus aimed to determine the relationship between industrial production in the OIZ and groundwater quality. This study will provide important contributions to the water supply policy of the region as it is the first research study of its kind for this aim.
Figure 1. Location map of the study area
Geological studies of the investigation zone and the vicinity have been performed (Hakyemez et al., 1992; Eren, 2001) , as have various studies on groundwater quality and contamination (Nalbantcilar and Pınarkara, 2011; Ozdemir and Aydin, 1998; Nalbantcilar, 2002; Nalbantcilar and Guzel, 2006; Pinarkara, 2011) , environmental problems (Nalbantcilar and Ozdemir, 2009 ), risks of contaminating aquifers (Nalbantcilar, 2008; Nalbantcilar, 2011) , and the properties of industrial zoneoriginated waste have been conducted (Nas, 1998; Arundas, 2010) . In the regions close to the study area, contamination likely to affect public health was found in the drinking water wells (Nalbantcilar, 2002; Nalbantcilar and Guzel, 2006) .
The aim of this study is the establishment of physical and chemical indexes to monitor the contamination of groundwater in the OIZ. For this purpose, it is researched whether the OIZ, the source of industrial contamination determined from waste water analyzes and in which chemistry, metal and machinery factories are located, has an effect on groundwater or not.
Hydrogeology
As Figure 2 shows, the geology of the OIZ and its environment comprises Late Pleistocene formation (Konya formation) consisting of a few attached siltstones, sandstones, and conglomerates, as well as Pleistocene to Holocene formation (Aslimyayla formation) with the properties of salty swamps and consisting of salt, gypsum, and intermediate-level mudstones (Hakyemez et al., 1992; Eren, 2001) .
While conglomerates are badly sorted and semi-spherical in Konya formation and though their coarsegrained sandstones have high permeability, their siltstones exhibit impermeable properties. Therefore, this formation is classified as less permeable. The total porosity of Konya formation ranges from 26% to 33%; however, the addition of siltstone lowers their porosity (Pinarkara, 2011) . The mudstones in Aslimyayla formation and parallel layered gypsums are impermeable. The total porosity of Aslimyayla formation is 34% (Pinarkara, 2011) , though gypsum-bearing levels in the formation lower their porosity.
It has been reported that Aslimyayla formation is weak in terms of surface recharge properties, yet that Konya formation are very high in this regard (Nalbantcilar, 2002) . Furthermore, their storage coefficient shows unconfined aquifer property from 0.07-0.11% (Nalbantcilar, 2002; Nalbantcilar and Guzel, 2006) . The depth of the water level in the area ranges from 5-12 m.
Figure 2.
Geological map of the study area (modified from Hakyemez et al., 1992) and the groundwater sampling wells
Properties of the OIZ
Konya's third OIZ is located in an area of about 900 ha and consists of 168 industrial plants, most of which perform production-related processes (Table 1) . The work performed in these plants involves industrial sectors such as wood, glass, metal, chemistry, and mining. In fact, sectors associated with glass, chemistry, mining, metal, and machine production comprise 96% of the OIZ's total production. OIZ waste is transmitted to a wastewater treatment plant. Water treated there is collected in a treated water treatment pool and used to irrigate recreational fields and/or as process water in the OIZ (Arundas, 2010) . Domestic and industrial solid waste from factory production also emerges, so do raw materials and temporary waste disposals fields of factories in inventory fields. These wastes are generally influenced by climatic conditions, and contamination due to rainfall can mix with groundwater directly.
While domestic wastewater emerges due to wood processing and both furniture and glass production, process wastewater emerges in other sectors and can contain Cd, Cr, Cu, Fe, N, P, Pb, and Zn (Table 2) . 
Materials and Methods
To establish the properties of the groundwater in the investigation area, 11 wells distributed over the area were identified so that they together could represent the total area ( Figure 2 ). From August 2010 until March 2011, groundwater sampling was performed in these wells to characterize dry and rainy seasons for hydrochemical analysis.
In Water and Sewerage System Administration of Konya City Municipality (KOSKI) Water Analysis Laboratory, cation and anion analyses of the water samples filled in 1 L double-capped sterilized plastic bottles were performed according to the rules specified in the standard methods of the American Public Health Association (APHA, 1992) . Trace element analyses of water samples, to which acidification was applied to achieve a pH > 2, were performed in Selcuk-Iltek Analytical Laboratories in Konya via inductively coupled plasma mass spectrometry.
The regions where results obtained having regional distributions and concentration rises were put forth. Moreover, the analysed results were evaluated according to WHO, EPA and EC drinking water standards. As a result, it was aimed to find out the points posing threat to the public health. Table 3 shows the results of dry period analyses (August 2010). The electrical conductivity (EC) of groundwater in the area ranged from 1 389 µmhos cm -1 (Sample 3) to 6 900 µmhos cm -1 (Sample 10). The total dissolved solids (TDS) of groundwater in the area ranged from 885 ppm (Sample 3) to 4 395 ppm (Sample 10). Sulphate (SO4) concentrations ranged from 196.29 ppm (Sample 9) to 435.36 ppm (Sample 10). The amount of iron (Fe) ranged from 0.389 ppm (Sample 1) to 1.80 ppm (Sample 2), while lithium (Li) values ranged from 0.057 ppm (Sample 3) to 0.247 ppm (Sample 10). Magnesium (Mg) concentrations fell between 66.60 ppm (Sample 3) and 283.50 ppm (Sample 10), whereas nickel (Ni) fell between 0.003 ppm (Sample 1) and 0.01 ppm (Sample 5). Strontium (Sr) concentration was defined at levels ranging from 2.40 ppm (Sample 3) to 12.20 ppm (Sample 10). In two water samples, zinc (Zn) showed concentrations ranging from 0.01 ppm (Sample 10) to 3.50 ppm (Sample 9). Meanwhile, manganese (Mn) appeared mostly concentrated in only two samples of which (Sample 1) reached 0.079 ppm. Lastly, copper (Cu) appeared in two samples only: Sample 1 (0.002 ppm) and Sample 10 (0.006 ppm). Also, the distributions of the analyses obtained from water samples collected in the study area are given in Figure 3 -5. Table 4 shows the results of rainy period analyses (March 2011). The EC of groundwater in the area ranged from 1 610 µmhos cm -1 (Sample 8) to 4 380 µmhos cm -1 (Sample 1). The total dissolved solids (TDS) of groundwater in the area ranged from 1 025 ppm (Sample 8) to 2 790 ppm (Sample 1). SO4 concentrations ranged from 180 ppm (Sample 9) to 415 ppm (Sample 10). The amount of Fe ranged from 6.381 ppm (Sample 6) to 13.35 ppm (Sample 11), while Li values ranged from 0.027 ppm (Sample 5) to 0.079 ppm (Sample 9). Mg concentrations fell between 65.59 ppm (Sample 5) and 201.71 ppm (Sample 1), whereas Ni fell between 0.042 ppm (Sample 2) and 0.108 ppm (Sample 11). Sr concentration was defined at levels ranging from 2.09 ppm (Sample 8) to 3.47 ppm (Sample 11). In five water samples, Zn showed concentrations ranging from 0.06 ppm (Sample 11) to 3.263 ppm (Sample 9). Meanwhile, Mn was attained in only four samples the concentration of which (Sample 1) reached 0.062 ppm. Lastly; Cu appeared in two samples only: Sample 1 (0.005 ppm) and Sample 10 (0.006 ppm). Also, the distributions of the analyses obtained from water samples collected in the study area are given in Figure 6 -8.
Hydrochemical properties of groundwater

Discussion
In the studies and water analyzes carried out in the scope of this study, it was observed that the industrial area, where approximately 4,000 m 3 of liquid waste is discharged and particularly metals, chemicals and machinery manufacturing exist, affect the quality of the groundwater. It was also determined that the geological features also have an effect on groundwater in the region.
Evaluation of Hydrochemical Properties and its Distribution on the Area
According to the analysis results of dry period, Sample 1 had the highest concentrations of B, Cl, and Mn; Sample 2, Fe; Sample 4, NO3; Sample 5, Cr, and Ni; Sample 7, total alkalinity; Sample 8, pH; Sample 9, Zn, and NO3; Sample 10, EC, total hardness, turbidity, NH3, SO4, Cu, K, Li, Mg, Na, and Sr; and Sample 11, Ca, and Cl (Table 3) . In respect to the analysis results of rainy period, Sample 1 had the highest concentrations of EC, NH3, Cl, Li, Na, Mg, Mn, and V; Sample 2, turbidity, pH, and total hardness; Sample 4, K; Sample 5, Ca; Sample 6, NO3; Sample 7, total alkalinity and B; Sample 8, Cr; Sample 9, Zn; Sample 10, SO4 and Cu; and Sample 11, Fe, Sr, and Ni (Table 4) .
According to the analysis results of dry period, the north-eastern part of the OIZ contained EC, NH3 SO4, Ca, Cl, Cu, Li, Mg, Na, and Sr in high density; the northern part, Cr, and Ni in high density; the eastern part, Fe, and Mn in high density; and in the central part, high densities of Zn. Figure 3 -5 shows a concentration distribution map. In respect to the analysis results of rainy period, the eastern part of the OIZ contained Cl, Li, Mg, Mn, Na, V, and NH3 in high density; the north-western part, Co, Fe, Ni, and Sr in high density; the south-western part, Cu and SO4 in high density; in the area extending from the northwest to the southeast, a high density of Cr; and in the central part, high densities of Ca and Zn. Figure 6 -8 shows a concentration distribution map. The area on which Ca and SO4 focus at Figure 3 and 4 corresponds to the area where the Aslimyayla formation.
Evaluation of Water Quality
The Piper (1944) diagram was used to evaluate the water quality of groundwater samples taken from the study area (Figure 9 ). Also studies to use the waters for irrigation in agriculture were examined with the Wilcox (1955) diagram (Figure 10 ).
At the Piper diagram of the water samples in dry period, 10 numbered sample plots into 7 zone, other samples plot into 9 zone (Figure 9a ). At evaluation of water analysis belonging to rainy period, 11 numbered sample plots into 6 zone, 6, 7 and 8 numbered samples plot into 5 zone and other samples plot into 9 zone (Figure 9b ). The water plotting in 7. District are classified as "water, non-carbonate alkalinity of which are more than carbonate alkalinity". These waters are also waters with NaCl, NaSO4 and KCl and "water, non-carbonate alkalinity of which are more than 50%". Alkalis and strong acids are dominant. The waters that plot into 9 zone are "mixed compound waters, none of the ions of which exceeds 50%". At waters plotting in 6. District "non-carbonate hardness is higher than 50%". These waters are the waters with CaSO4 and MgSO4. At waters plotting in 5. District "carbonate hardness is higher than 50%". These waters are waters with CaCO3 and MgCO3. The Wilcox diagram distribution of water samples from dry period was made in order to evaluate the use of the waters in the study area for irrigation. Accordingly, it was determined that 10 numbered sample is classified as "not appropriate", 11 numbered sample is classified as "suspicious-not appropriate" and the other samples are classified as "well-used" for irrigation (Figure 10a ). It was determined that 2, 7 and 10 numbered samples of rainy period are classified as "suspicious-not appropriate", 1 and 11 numbered samples of rainy period are classified as "not appropriate" and the other samples of rainy period are classified as "well-used" (Figure 10b ). 
Evaluation of Contamination
The results of the two period analysis were compared in terms of potability in respect to limiting values to the maximum contamination level (MCL) according to Guidelines Table 5 ; during August 2010 period, all samples showed levels of Mg in excessive of the MCL, while nearly all samples had excessive levels of SO4, Ca, and Fe, four samples excessive level of NO3, three samples excessive Cl, one sample excessive Mn, and Zn. During March 2011 period all samples showed levels of Cr, Fe, and Mg in excessive of the MCL, while nearly all samples had excessive levels of Ca and Ni. Nine samples had excessive SO4, four samples excessive Cl, two samples excessive Na, and Mn, and one sample excessive NO3, and Zn. In summary; almost all samples had high level of concentrations of SO4, Ca, Mg, and Fe in both periods. It was determined that Cr, Na and Ni concentrations exceeded MCL values only in rainy period.
Nitrate (NO3) exceeds MCL limit at four samples in the dry period, at one sample in the rainy season. High NO3 concentrations are due to the fertilizers used in agricultural activities in the dry period from the agricultural areas around the OIZ. The presence of NO3 in the rainy period is due to the sewage system and point contamination.
The fact that Cr, Fe, Mg, and Ni originating mostly from industrial contamination exceed the MCL in nearly all samples suggests that contamination has occurred throughout the OIZ. In support of this suggestion, Co, Fe, Li, and Sr appeared in all wells, while Mn, V, and Zn appeared in some water samples in different concentrations.
Rising levels of components such as Ca, Cl, Na, and SO4 in the OIZ's water should be seen as a result of the interaction of salty components Na and Cl, the hardness of which are quite low and which dissolve easily in water. Meanwhile, Ca and SO4.2H2O as components of gypsum lithology appeared in Aslımyayla formation and groundwater. As the results of the analyses showed, nearly all samples had concentration levels of Ca and SO4 that exceeded MCL. At the same time, the EC distribution map and Ca, Cl, Na, and SO4 concentration maps resembled each other, suggesting a naturally occurring contamination state due to the OIZ's geology and which stems from the interaction of water and rock.
Evaluation of the Statistical Analysis of the Groundwater
The analysis results of groundwater samples collected during dry and wet seasons were evaluated statistically so that they will be of two seasons (Table 6 and 8). All evaluations were realized 95% relevance level. Within this context, correlation coefficient and cluster analyses were conducted (Table 7 and 9, Figure 11 and 12). In the groundwater samples of dry period: TDS-EC; T.Hard-EC and TDS; Turb.-EC, TDS and T.Hard.; NH3-EC, TDS, T.Hard. and Turb.; SO4-EC, TDS, T.Hard. and NH3; K-EC,TDS, T.Hard., Turb. and NH3; Li-EC,TDS, T.Hard., Turb., NH3 and K; Mg-EC,TDS, T.Hard., Turb., NH3, SO4, K and Li; Na-EC,TDS, T.Hard., Turb., NH3, SO4, K, Li and Mg; Sr-EC,TDS, T.Hard., Turb., NH3, SO4, K, Li, Mg and Ni element pairs have very high positive correlation (Table 7) . Only Cl-T.Alkalinity and Cl-NO3 element pairs show a high negative and moderate negative correlation in order. EC, NH3, SO4 show positive correlation in correlation analyses of dry season analyses, and In pair concentration maps belonging to Li, Mg, Na and Sr groundwater table also, In pair concentration maps belonging to Li, Mg, Na and Sr groundwater table exhibit similar distributions ( Figure 3, 4 and 5) . At the points of investigation area where groundwater concentration changes were observed, the pairs having very high correlations possess similar decrease and increase (Table 7) . However, the fact that Mg-Cr pairs have concentration changes in separate points supports negative correlation between these element pairs ( Figure 3 and 4) ( Table 7 ). In Figure 3 and 4, it was determined that Ca and Fe elements having scattered curves in correlation analyses did not possess any correlations (Table 7) . In the groundwater samples of rainy period: TDS-EC; NH3-EC; B-NO3; Cl-EC and TDS; Mg-T.Hard; Na-EC, TDS, NH3 and Cl; Ni-Co; V-EC, TDS, NH3, Cl and Na element pairs have very high positive correlation (Table  9) . But Ca-NO3; Cl-T.Alkalinity and B; Co-T, alkalinity; Mg-Ca; Na-B; Sr-NO3 and B; V-T.Alkalinity element pairs show a high negative correlation.
In the analyses of old periods, uniform distribution maps belonging element pairs of EC-NH3 and Na-V having very high positive correlation exhibit similar appearances ( Figure 6 ) ( Table 9 ). Nevertheless, each element of Ca-Mg and Cr-Li element pairs in groundwater concentration having moderate negative correlation demonstrates different distributions (Figure 6 and 7). When Figure 6 , 7 and 8 were examined, it was determined that element pairs such as Ca-Li, Fe-Na and Ni-V had different concentration distributions with each other. No correlation with one another was found in correlation analyses of them (Table 9) . Table 9 . Correlation coefficients between the element pairs of the water samples of rainy period Three significant groups appear in the cluster analysis of the groundwater samples of dry period ( Figure  11 ). The first group is named as "Main Component Group" and consists of (EC-TDS-Sr-Mg-Na-NH3-K-Turb.-T.Hard.-Li)-SO4. The second group is "Metal Group" and it consists of (Cr-Ni)-Fe. The other group is "Cl Group" and it consists of B-Cl. 
Conclusions and Recommendations
The following results were obtained in the study on which the effect of the third OIZ, in which 90% of the factory consists of chemistry, glass, metal and machine production, to the groundwater pollution is based.
According to the concentration distribution maps belonging to both periods, increased levels of EC, Cl, Li, Mg, Mn, Na, V, SO4, Sr, Ca, and NH3 appeared near the east or the north-eastern parts of the study area. Zn appeared to have intensified in the central part, while other elements have increased in other directions. Results also showed that the groundwater has been affected by industrial activities in the OIZ, since Cr, Mg, Fe, and Ni concentrations were found to be high in all samples, while Co, Fe, Li, and Sr concentrations were found in changing amounts. This contamination is mainly due to storage areas and waste belonging to the chemical and metal industries and the factories that produces electrical machines and equipment.
Water samples is usually in the class "mixed compound waters, none of the ions of which exceeds 50%" in both periods according to the Piper diagram when evaluated in terms of water quality. Water samples are mainly classified as "well-usable for irrigation purposes" according to the Wilcox diagram. However, 2 and 10 numbered samples are classified "suspicious-not appropriate", 1 and 11 numbered samples are classified as "not appropriate" during the rainy period.
It was determined that NO3, SO4, Ca, Cl, Na, Cr, Fe, Mg, Mn, Ni and Zn levels exceeded the MCL in samples according to WHO, EPA and EC drinking water standards. Furthermore, it was established that the water samples of rainy period had higher concentrations than that of dry one. The washing of storage and production areas of factories located in the OIZ in rainy period causes the infiltration of contaminants from the ground to underground. Also due to leakage from the sewage system, an increase in concentration of the elements at the samples taken from groundwater in rainy period when compared with dry period is observed.
In the analyses performed, maximum conductivity values displayed alterations between 4 380 (wet period) and 6 900 (dry period) µmhos cm -1
. The fact that conductivity values were so high and that, in nearly all samples, Ca and SO4 concentrations exceeded MCL values indicates that such values are caused by salt and gypsum levels in the aquifer. Parallel to this, Ca, Cl, Na, and SO4 concentrations were spread such a large area that they suit the boundary of the Aslımyayla formation, which constitutes a natural contamination source for the study area due to its salt and gypsum layers. That NO3 exceeds MCL in some samples is mainly due to fertilizers used in agricultural activities in the area around the OIZ, reach to irrigation water and groundwater.
In correlation analyses of groundwater samples, it was determined that element pairs in dry and wet seasons had a correlation changing from positive to negative. Of these results, it was found out that very similar distributions in uniform concentration maps of groundwater of element pairs with high positive correlation were existed. It was determined that there was a very close relationship between statistical results changing from moderate correlation to high correlation and concentration distribution maps.
In cluster analyses of groundwater samples, it is seen that the number of alignment has increased according to dry season graphic in wet season graphic and that the differentiation has become evident. In wet season, there has been witnessed that there has been a decrease in the number of element in "Main Component Group", while there has been an increase in "Metal Group". This crucial differentiation in wet season shows that climatic conditions and changes in chemistry of ground water depending on precipitation increase are very influential.
In cluster analyses of dry season, it has been determined that the elements under "Main Component Group" have encompassed the elements having high concentrations in the analyses of this period. Cluster analysis results prove that water samples are in close relations with the analyses.
According to data from analyses and on site measurements of groundwater samples obtained from wells within the study area, the groundwater of the OIZ is alarmingly contaminated due to rapid industrialization. However, the results of this investigation also suggest that the area's geological properties pose another threat to the area's groundwater. In addition to all these, it is determined that the underground water in the area has a risk in terms of public health.
According to results obtained by this study, the following suggestions should be considered:
Firstly, to prevent contamination stemming from industrial activity, it is necessary that solid and liquid waste be disposed so that they will not infiltrate the groundwater. Secondly, regular groundwater quality monitoring network stations should be established throughout suitable observation wells. Thirdly, there should be sufficient distance between sewage and drinking water supply lines to avoid crosscontamination. Finally, by means of this study, it is well comprehended that it is essential aquifers where the need for drinking water and utilization water can be met should be chosen from the areas which do not pose a threat in terms of public health.
The untreated effluence emerging from industries in Konya's third OIZ must be monitored in order to maintain the standards prescribed by the pollution control board for various industries in the region. At the same time, to prevent contamination that can stem from lithology, it is necessary that wells drilled in the area be planned so that they can be isolated from salt and gypsum deposits.
